The distribution of organic matter within a floodplain is a controlling factor affecting water quality, habitat, and food webs. Accordingly, developn~ent of vegetation in the riparian zone can be expected to influence ecosystem functions, and organic matter storage patterns are believed to be indicators of functional recovery in disturbed riparian zones. Our objective was to compare the distribution and allocation of organic matter among microsites within the floodplain and with temporal changes (successional status) associated with community development. Three third order streams in the upper coastal plain of South Carolina were selected. Measurement transects were established across three floodplains of varying successional status, Meyer's branch; a mature riparian hardwood forest; Fourmile branch; a mid-successional riparian forest; and Pen Branch, an early successional riparian forest. Overall, measurements of aboveground biomass, soil carbon, and stand structure indicate that the early and mid successional stands are becoming more similar to the mature stand and that microsite differences within the braided, riparian stream systems are small. O
1.
Introduction aquatic environment and upland ecosystems. Riparian forests are especially critical to maintaining In the last 15-.20 years, forests have stream health and water quality, and providing become recognized as important components of the aquatic ecosystem with organic carbon, habithe landscape and serve as a vital link between the tat, bank stabilization, and shade (Mitsch and Gosselink, 1993) . Riparian forests also protect S158
[..A. Giere cc (11. Ecological E~zgineermg 15 (2000) 3-157-Sf 70 of degraded sites is critical to sustain inherent ecosystem functions and values. Organic matter is a primary energy source, in forests it is derived from litter fall, root turnover, and microbial organisms. The relationship between forest productivity and organic matter pools (i.e. vegetation, soils, water) is complex. Vegetation has been found to be more important than microclimate, soil, successional processes, slope, aspect, and elevation in controlling soil organic carbon in an ecosystem (Van Cleve and Powers, 1995) . Vegetation directly influences soil carbon accumulation and soil development through above-and below-ground net primary production (NPP) (Zak et al., 1990) . Most of the retention of organic carbon in flooded ecosystems occurs in the floodplain. Plant nutrient supply is affected by detrital processes, which influence organic matter mineralization rates, which in turn is influenced by hydroperiod. Accordingly, this feedback mediates nutrient supplies for NPP and the status of soil organic matter.
Successional patterns of NPP and aboveground biomass have been established for upland forest ecosystems (Odum, 1960) . A similar pattern of productivity increasing in a stepwise fashion with time can be found in riparian forests as succession proceeds to dominance by tree forms. Net primary productivity can vary depending prlnclpally on the species composition and condition of the floral community.
Riparian ecosystems are often considered to have a combination of high species diversity, high species densities, and high productivity (Mitsch and Gosselink, 1993) . Species richness is generally low in the early stages of succession and increases as the 'climax' community is approached (Spellerberg, 1991 ). Odum's (Odum, 1960) classic study of old field succession in South Carolina observed an increase in species number from five dominant species to nearly 20 dominant species after a period of 7 years. In subsequent years, herbaceous species numbers increased, but annual productivity remained fairly constant. The inclusion of woody species shows a rapid increase in annual productivity with canopy closure followed by stabilization (Peet, 1982) . There is little evidence that the addition of a new species in later successional stages results in higher productivity (Mooney and Gulmon, 1983) .
In early stages of succession, subtle changes in landscape elevation (micro-topography) may influence herbaceous species establishment and growth, subsequently affecting the accumulation of organic matter. Micro-topography was found to influence the distribution of vegetation (frequency and density) across an elevation gradient (Zedler and Zedler, 1969; Huenneke and Sharitz, 1986) . Microsite elevation is strongly correlated with seedling distribution in a floodplain swamp (Titus, 1990) . Significant correlations between elevation gradients, and organic matter content and moisture have also been found (Zedler and Zedler, 1969; Titus, 1990) . Additionally organic matter levels have been shown to influence species distribution where differences in elevation were not controlling. In a comparison between floodplain, transition, and upland, Johnson and Bell (1976) found biomass and NPP to be greatest in the floodplain zone and least in the transition zone. Conner et al. (1993) found an increase in stem wood production in dry and wet sections of a bottomland hardwood forest in Louisiana, but production remained relatively unchanged in a transitional area.
Achieving restoration of a riparian forest is difficult, especially if the successional processes have been altered. An additional challenge is determining whether a restoration effort is successful. Investigating the biotic-abiotic interactions in riparian forests may provide some insights to recovery processes. These interactions may operate as measures/indices of success. Relationships between vegetation, soil carbon, species richness, and micro-topography may show trends that suggest restoration is occurring and be used to evaluate restoration success. The comparison of these interactions/relationships through a forest chronosequence may provide a better understanding of restoration processes.
Spatial patterns of vegetation-soil relationships within a riparian forest, especially along a gradient perpendicular to the stream, are not well known. Understanding how spatial structure influences ecosystem processes may also provide insight to determining the recovery of disturbed L.A. Giese et al. /Ecological Engineerinl: 15 (2000) S157--,TI 70 S159 riparian ecosystems. This study will address whether very highly disturbed ecosystems can redevelop net primary productivity and a similar species composition compared to an undisturbed reference system, and does tree planting with site preparation change this natural recovery pattern. Also, investigated is the influence of riparian forest age on spatial and temporal patterns of carbon storage and species richness in riparian forests.
Study area and methods
The study sites are located in riparian forests adjacent to three braided, blackwater streams on the Savannah River Site (SRS), National Environmental Research Park in South Carolina. Pen branch and Fourmile branch are third order tributaries of the Savannah river that received thermal, elevated discharge from nuclear production processes between 1954 and 1989, and 1955 and 1985, respectively . This disturbance resulted in the loss of vegetation (mainly the woody component), and sediment erosion and deposition (Kolka et a] ., 2000). The third stream system, Meyer's branch, represents a minimally disturbed, third order reference site. Selective logging occurred in Meyer's branch in the 1940s. The age of the riparian forests adjacent to Pen branch, Founnile branch, and Meyer's branch at the time of the study are 7, 11, and approximately 60 years, respectively. There are two treatment areas along Pen branch. One area is considered a control and has been allowed to regenerate naturally. An adjoining area was herbicided followed by burning and then planting with bottomland hardwood species. This is referred to as the artificial regeneration area.
Species composition
The riparian areas on either side of the main stream channels range in width from 8 to 95 m. Early successional species of willow (Sulix spp. L.), waxmyrtle (Myrica cerifera L.), smooth alder (Alnlis serrulatu (Ait.) Willd.), and buttonbush (C'ephulunthus occidentalis L.) dominate the natural regeneration riparian area of Pen branch. The planted section (artificial regeneration) of Pen branch is dominated by herbaceous vegetation and blackberry (Rubus spp.), with some buttonbush and alder. The woody component of the Fourmile branch riparian forest is also dominated by willow, with the addition of red maple (Acer rubrum L.), alder, waxmyrtle, and loblolly pine (Pinus tcredu L.). Meyer's branch represents a mature bottomland forest with a mixed species composition including bald cypress (Taxodium distichurn L.), tupelo (Nyssa spp.), red maple, Virginia willow (Iteu uirginica L.), arrowwood (Viburnum dentatunz L.), and dog-hobble (Leucothoe axilluris (Lam.) D. Don.) as the dominant species.
Soil descriptions
Soils in the riparian area of Pen branch include typic endoaquepts, typic fluvaquents, and thaptohistic fluvaquents (Azola, 1997) . Adjacent upland soils were characterized as entisols and ultisols. In the Fourmile branch riparian forest, soils are generally thapto-histic fluvaquents which have a buried A or histic horizon. Adjacent upland soils are ultisols on the west side of the main channel (typic endoaquults, ,aquic hapludults) and entisols on the east side of the main channel (typic and aquic quartzipsamments). Most of the soils in the Meyer's branch riparian forest have an organic layer at least 18 cm deep and the histosols present (typic medisaprists) had several organic layers extending to an average of 102 cm. Other riparian soil types include humaqueptic endoaquepts and fluvaquents. The upland soils are very sandy (grossarenic hapludults, and arenic endoaquults).
Standing biomass
Transects were established perpendicular to the main stream channel and generally ran the width of the riparian area extending into the upland. The transects in this study were established in conjunction with the transects established for the hydrology project presented in this publication (Kolka et a]., 2000) . Transect length ranged from 3 to 94 m. Three transects were established within St60 L.A. Giese ct al. iEco(ogiea1 Engineering 15 (2000) the natural regeneration area of Pen branch (PBC), three within the artificial regeneration area of Pen branch (PBD), six within the Fourmile branch (FM) riparian forest, and five within the Meyer's branch (MB) riparian forest. Along each transect, main plots were spaced at 15.2-m intervals originating at the main channel. The number of main plots and subplots for the riparian areas within each study site are provided in Table 1 . At each main plot, the diameter, height, and species of all trees (dbh >4.0 cm) within a 0.013 ha circular plot were recorded. Diameter, height, and species were recorded for all shrubs (dbh < 4.0 cm and height > 0.5 m) within a 0.002 ha plot. Field sampling was conducted in June 1997. Aboveground biomass values for the trees and shrubs were estimated using dbh:biomass regressions from the literature (Clark et al., 1985; Muzika et a]., 1987; Mader, 1990; Hauser, 1992; Gholz et a] ., 1999).
Ilerbaceous/species richness
tion in the landscape (ridge or swale). Field sampling was conducted in June and August 1997. All the clipped vegetation was oven dried at 60°C for at least 2 weeks and then weighed.
Net primary productivity
Estimation of total net annual primary productivity was determined by the mean annual increment method (Art and Marks, 1971) in which the woody biomass is divided by the age of the forest stand. The mean annual increment method generally underestimates the current woody production. Trees and shrubs were divided by the respective riparian forest age (7, 11 and 60 years for the two areas in Pen branch, the riparian forest along Fourmile branch, and the Meyer's branch riparian forest, respectively). For Meyer's branch 60 years was used as a conservative measure since the area supposedly was selectively harvested in the 1940s. The herbaceous strata were considered the annual increment.
Soil carbon
Along each transect, subplots were spaced at 4.5 m on either side of the main plot with the main plot serving as a third subplot. Within each subplot, herbaceous vegetation ( < 0.5 m in height, regardless of growth form) was clipped from a 0.25 m2 area. The species observed in each clip plot were recorded to determine species richness ( # per 0.25 m2). Micro-topography was subjectively rated at each subplot to be either wet, intermediate, or dry based on posi- Table 1 Number of main plots and subplots within the riparian component of the study areas
Study area Riparian
Bulk soil samples were collected from the 0/ A horizons in each riparian area and adjacent upland. The A-horizon is approximately 7.5-13 cm in depth in the Fourmile branch riparian forest and 7.5-15 cm in depth in the two areas of Pen branch (Azola, 1997) . The 0-horizon in the Meyer's branch riparian forest ranges from 20 -to 76 + cm. Samples were taken corresponding to a certain distance from the main channel (0-15.2, 15.2-30.3, 30.3-45.4 , and 60.6 m) and associated with micro-topography assessments similar to the micro-topography ratings given for the herbaceous subplots. The carbon content of the soil was determined with a LECO ---gas analyzer. Number of areas being compared x Number of species in common Percent similarity = x 100 (1) Total number of species in areas being compared
Statisticul analysis
All comparisons were performed with analysis of variance (ANOVA) followed by multiple comparison procedures (Tukey and LSD). Regression was used to determine if there was a linear relationship between distance from the main stream channel and species richness, herbaceous biomass, and soil carbon. An alpha level of 0.05 was used for all statistical analyses.
Results

Stnnding biomass
Herbaceous biomass was not significantly different between the two sampling dates (June and August 1997), except in the Fourmile branch riparian forest (data not shown). Generally, the June sampling date had a higher biomass, therefore, these values were included in the calculation of total biomass. The planted riparian area of Pen branch had significantly greater herbaceous biomass than the other three riparian forests ( Table 2 ). The Fourmile branch riparian forest and the natural regeneration area of Pen branch have greater herbaceous biomass than the Meyer7s branch riparian forest.
Comparisons across the riparian forest chronosequence showed that total aboveground biolnass was significantly greater in the Meyer's branch riparian forest than the other three riparian forests (Table 2) . Between the four riparian forests, shrub biomass was not significantly different. However, tree biomass was significantly greater in the Meyer's branch riparian forest than the other three riparian forests.
Productivity
Mean annual productivity (Table 2) was not significantly different between the four riparian forests or the adjacent upland forests.
Carbon
Soil carbon was significantly higher in the riparian forest of Meyer's branch than the other three disturbed riparian forests (Table 2) . Generally, the riparian forest had significantly more soil carbon than the adjacent upland except for the artificial regeneration area of Pen branch.
Herbaceous species richness
Species richness was only analyzed for the herbaceous component. Number of herbaceous species per subplot in each riparian forest ranged from 1 to 8 in the three disturbed riparian forests, and 0-7 in the Meyer's branch riparian forest. Species richness was significantly lower in the Fourmile branch riparian forest than the Meyer's branch riparian forest.
Riparian forest similarity
The combined tree and shrub data accounted for 8, 11, 15, and 25 species for the natural regeneration area of Pen branch, artificial regeneration area of Pen branch, Fourmile branch riparian forest and the Meyer's branch riparian forest, respectively. Five species were common to the three disturbed riparian areas (red maple, alder, buttonbush, waxmyrtle, and willow), and only two species were common to all four riparian forests (red maple and waxmyrtle). Red maple was more abundant in the mature riparian forest whereas, waxmyrtle was more prevalent in the three younger riparian forests.
Herbaceous species similarity was calculated for the four riparian forests. The two areas in Pen branch had 23 common species and 68% similarity. The Fourmile branch riparian forest and natural regeneration area of Pen branch had 24 species in common and 64% similarity. Only 21 species and 54% similarity was found between the Fourmile branch riparian forest and the artificial regeneration area of Pen branch. The Meyer's branch riparian forest had 26, 20, and 15 species in common with the Fourmile branch riparian forest, the natural regeneration area of Pen branch, and the artificial regeneration area of Pen branch, respectively. The Meyer's branch riparian forest had 58% similarity to the Fourmile branch riparian forest, 50% similarity to the natural regeneration area of Pen branch, and 36% similarity to the artificial regeneration area of Pen branch.
Micro-topography appears to influence herbaceous biomass (Table 3 ). There was significantly higher herbaceous biomass in the 'wet' areas of the Fourmile branch riparian forest than the 'dry' areas. However, there was no significant difference in herbaceous biomass between 'wet', 'intermediate' and 'dry' areas in either the natural or artificial regeneration riparian areas of Pen branch and no significant difference between the 'wet' and 'intermediate' areas in the Meyer's branch riparian forest. Although not significant, there appears to be several trends. In the Pen branch artificial regeneration area and the Meyer's branch riparian forest herbaceous biomass increases as micro-topography becomes drier. Contrastingly, in the riparian forest of Fourmile branch herbaceous biomass decreases from 'wet to dry' areas.
Micro-topography also appears to influence species richness. In general, the 'intermediate' areas express greater herbaceous species richness. In the Fourmile branch riparian forest, species richness was significantly more in the 'intermediate' areas than either the 'wet' or 'dry' areas. There was no micro-topography effect on species richness in the natural regeneration area of Pen branch or the Meyer's branch riparian forest.
The percent carbon in the soil appears to be influenced by micro-topography. In the Fourmile branch riparian forest there was significantly more carbon in the soil of 'wet' areas, but significantly more soil carbon in the 'dry' areas of the artificial regeneration area of Pen branch. Again, there was no difference in soil carbon based on micro-topography in the natural regeneration area of Pen branch or the Meyer's branch riparian forest. In general, the percent carbon in the soil follows micro-topography trends similar to the herbaceous biomass. 
Spatial effects on vegetation
There was no significant linear relationship between distance from main channel and herbaceous biomass, species richness, or percent carbon in the soil in either of the Pen branch riparian areas (Table 4 ). There was a slightly significant linear relationship between distance from the main channel and species richness in the Fourmile branch riparian forest. Ail three dependent variables were significant with distance from the main channel in the Meyer's branch riparian forest.
Discussion
As riparian forests recover from disturbance abiotic-biotic interactions should develop towards a facsimile of their original state and reflective of undisturbed systems. This assumption may not be reasonable if the substrate in the disturbed Sharitz et al., 1974 Sharitz et al., 1974 This study
This study
This study Muzika et al., 1987 Muzika et al., 1987 This study Sharitz et at., 1974 riparian forests has been severely altered. Consequently, successional processes may no longer be operating at the same scale. A critical factor for successful restoration is the establishment of originallappropriate hydrology followed by edaphic and biotic components (Clewell and Lea, 1990) . Aboveground biomass, organic carbon, and species richness may serve as criterion for evaluating restoration.
The planted riparian area of Pen branch has the greatest herbaceous biomass which probably is a reflection of the site preparation. The burning and herbicide treatment opened the canopy and allowed for the rapid establishment of herbaceous species. The herbaceous biomass in the mature riparian forest of Meyer's branch is less than the other three riparian forests, but 3.5 times greater than the annual herbaceous biomass found by Muzika et al. (1987) in Meyer's branch. Although Muzika's study was in the same general area as this study, she sampled 13 years earlier as well as later in the growing season, which could account for differences in herbaceous biomass. The herbaceous biomass in the two riparian areas of Pen branch, and the Fourmile branch riparian forest is > 15 year recovering riparian forests (Muzika et a] ., 1987) which is reflective of changes in stand structure proceeding towards a closed canopy. Reviewing chronological herbaceous biomass data from studies conducted at SRS there is a general decrease in herbaceous biomass with time ( Table  5) .
Herbaceous and shrub biomass were found to be higher in a floodplain-upland transition zone as a result of low tree biomass (Johnson and Bell, 1976) which is similar to the artificial regeneration area of Pen branch. In a bottomland hardwood and bald cypress-water tupelo swamp, Conner and Day (1976) found herbaceous biomass to be 2000 and 200 kg ha-' per year, respectively. Bottomland hardwood herbaceous biomass values are comparable to the early successional sites in this study while the cypress-tupelo swamp biomass is similar to the undisturbed site (Meyer's branch).
The establishment of woody species is probably being prevented by competition with the rich herbaceous flora in the artificial regeneration area S166 S157-S170 of Pen branch. This is similar to the sediment deposition and dense herb cover that have inhibited bald cypress regeneration in the disturbed Steel creek floodplain (Dunn and Sharitz, 1987) . Whereas the mature riparian forest of Meyer's branch has significantly higher tree biomass than the three disturbed systems, there are no major differences in tree biomass between the disturbed riparian forests. Although not significantly different, shrub biomass tends to be lowest in the artificial regeneration area of Pen branch, comparable between the Fourmile branch riparian forest and the Meyer's branch riparian forest, and greatest in the natural regeneration area of Pen branch. Since the Fourmile branch riparian forest is only a couple years older, the contradictory pattern in shrub biomass between it and the natural regeneration area of Pen branch could be exhibiting a stand structure transition or be influenced by differing hydroperiods (Johnson and Bell, 1976; Mitsch and Ewel, 1979) . Tied to changes in plant community structure Wigginton et al., 2000 also found a marked decline in herbaceous material and a considerable increase in woody foliage in the forest floor with later seral stages.
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The total aboveground biomass and mean annual productivity in the mature riparian forest of Meyer's branch is comparable to other undisturbed coastal plain riparian forests (Table 6 ) and has the greatest total biomass of the four forests studied. Disturbed sites have similar productivity to undisturbed sttes, but much lower aboveground biomass. The I I-year-old riparian forest of Fourmile branch has less total biomass than the 7-year-old natural regeneration area of Pen branch. This contradiction may occur because Fourmile has a flashier hydroperiod and more swale microtopography that tends to pond water, whereas the natural regeneration area of Pen branch is generally drier and soils are better aerated. A 7 and 8-year-old post harvest riparian forest along the Santee river, SC had woody biomass of 55.8 kg ha-' (Bates, 1989) , which is higher than the disturbed riparian forests in this study. The lower biomass is probably due to the intensity, duration, and scale of the thermal disturbance (Reiners, 1983; De Steven and Sharitz, 1997 ) that occurred at these sites.
Mean annual productivity was not significantly different between the four riparian forests and this may be because the value does not include litterfall (Table 2 ). The herbaceous component ill the artificial regeneration area of Pen branch appears to overcome the lack of woody vegetation. Bates (1989) found productivity rates of 9090 kg ha-' per year for a 7 and 8-year-old post harvest riparian forest. This is at least twice the productivity found at all four sites in this study. Again the severity of the disturbance that occurred at SRS likely removed an available seed source as well as disrupted a suitable substrate for growth. Scott et al. (1985) also observed how disturbance affects productivity. They found higher aboveground NPP at a least disturbed site compared to an intermediate disturbed site because the least disturbed site had a greater density of trees. ~r b w n and Peterson (1983) found that not all riparian forest are highly productive, however the sites in this study appear to be moderately productive systems (Table 6 ).
The herbaceous layer production (1660 kg ha-' per year) in the 7 and 8-year-old floodplain forest of the Santee river (SC) was highest in mid-spring, coinciding with seasonal flood water recession (Bates, 1989) . Similar patterns in herbaceous vegetation were found at SRS with the June sampling higher than the August sampling.
Herbaceous species richness in the mature riparian forest of Meyer's branch was greater than the three disturbed riparian forests at the 0.25 m2 scale (Table 2) . Sharitz et al. (1974) studied thermal and post-recovery sites at the SRS and found higher plant species number in the 5-year postthermal site than directly after disturbance. In an old-field succession in a former bottomland hardwood forest, Battaglia et al. (1995) found that the number of species increases up to year 3, but decreases in years 4 and 5. Successional patterns in an Indiana bottomland exhibited a considerable influx of woody species by year 10, however many of the woody species that would become important components of later seral stages were present at 2 years after the former agricultural field was abandoned (Hopkins and Wilson, 1974) .
As predicted by successional theory, the nuniber of tree and shrub species increased with forest L. A. Grese et (11. / Ecological Engineering 1. 7 (2000) .Y157-S170 Sl67 Table 6 Aboveground biomass and production of coastal plain riparian forests and similar forested wetlands (adapted from Conner, 1994 and modified from Zaebst, 1997 Naturally recovering bottomland 26 hardwood/SC 15 years post disturbance Naturally recovering bottomland 7.4 hardwood/SC 11 years post disturbance-FM Naturally recovering bottomland 27 hardwood/SC 7 years post disturbance-PBC Restored bottomland hardwoodlSC 7 5.7 years post disturbance-PBD age at our sites. Sharitz et al. (1974) found similar increase in woody species numbers following thermal disturbance. The Meyer's branch riparian forest had 15-20 herbaceous species common to the disturbed riparian areas of Pen branch and 36 -50% similarity (note that the natural regeneration area of Pen branch had 37 subplots used for species identification and the Meyer's branch riparian forest had 49 subplots, therefore if more subplots were established in the natural regeneration area of Pen branch, there is the possibility to find Inore species in common). However, several -Conuer and Day, 1976 Mitsch and Ewel, 1979 Mullholland, 1979 Brown, 1981 Conner and Day, 1976 Day and Dabel, 1978 Day and Dabel, 1978 Conner and Day, 1982 Mitsch and Ewel, 1979 Day and Dabel, 1978 Schlesinger, 1978 This study Muzika et al., 1987 Muzika et al., 1987 This study 0.16 This study factors (hydroperiod, substrate) inherent to each site could impede establishment of certain species and limit species diversity. Sixteen comnlon species and approximately 30% similarity were found between an undisturbed site and a 5-year post thermal recovery site on the SRS (Sharitz et al., 1974) . The slightly lower similarity may be due to the inclusion of trees species in their study. Herbaceous species similarity is fairly high between the two riparian areas of Pen branch. The natural regeneration area of Pen branch has greater similarity to the riparian forest in Four-
mile branch and the Meyer's branch riparian forest than the artificial regeneration area of Pen branch possibly due to the site preparations conducted in the latter. Sharitz et al. (1974) also found species similarity to be high between thermally affected areas. However, the Fourmile branch riparian forest has greater species similarity to the mature riparian forest of Meyer's branch than to either areas of Pen branch which may suggest that the riparian forest of Fourmile branch is further along in succession than the Pen branch sites. The fewer sample plots in Pen branch compared to Fourmile branch and Meyer's branch (Table 1 ) may also influence herbaceous species similarity. Micro-topography interacting with the hydroperiod in these riparian forests forms a heterogeneous environment. The slight variation in elevation results in changes in vegetation composition due to an anaerobic gradient (Wharton et al., 1982) . However, the effect of micro-topography was not apparent in the natural regeneration area of Pen branch and the Meyer's branch riparian forest. In Meyer's branch, micro-topography is very subtle, unlike the ridge and swale landscape in the Pen branch and Fourmile branch riparian forests. Although the stream system is braided in the natural regeneration riparian area of Pen branch, most of the herbaceous plots were 'dry'. Micro-topography seemed to have the greatest effect in the Founnile branch riparian forest. The 'wet' areas had a few dominant herbaceous species, which produced more biomass and possibly contributed more carbon to the soil than either the 'intermediate' or 'dry' areas (Table 3 ). There appears to be a distinct interaction between the amount of herbaceous biomass and percent carbon in the soil as evident also in the artificial regeneration area of Pen branch. Here the reverse occurred in that more herbaceous biomass and higher percent soil carbon was observed in the 'dry' areas.
There appears to be little spatial gradient influence on herbaceous biomass, herbaceous species richness or percent carbon in the soil in the three disturbed riparian forests. There is a slightly significant decrease in species richness with increasing distance from the Fourmile branch main channel. The braided landscape probably interferes with the distribution of sediment and organic matter deposited in the riparian areas during flooding. The Meyer's branch riparian forest showed a significant increase in herbaceous biomass and percent carbon in the soil with increasing distance from the main channel. In sampling the herbaceous component in Meyer's branch, a prevalent woody species which was abundant along the upland/wetland boundary was included, and this may have significantly increased the amount of herbaceous biomass.
The percentage of soil carbon in the mature riparian forest is approximately triple the carbon in the three younger riparian forests. Elevated -flows in the disturbed riparian forest lead to the deposition of mineral sediment and may account for the lower percentage of soil carbon. Age and hydrologic factors influence the accumulation of organic matter in the riparian area. Wigginton et al. (2000) found forest floor organic matter and carbon content increased rapidly during early succession and declined thereafter, and soil carbon content increased with successional stage. In the early stages of old field succession on bottomlands, Hopkins and Wilson (1974) observed an increase in soil carbon in year 2 due to the rapid decomposition of annuals, followed by a decrease the third year due to a change in species which remain erect throughout the winter. The disturbed riparian areas in our study were rapidly colonized by herbaceous flora, and carbon accumulation is beginning to occur.
The severity of disturbance influences the ability of a community to return to a pre-disturbance condition. Site conditions and succession processes may be altered to the extent that recovery is not eminent. The structure of a riparian forest is not only reliant on successional processes, but often influenced by micro-topography. Small changes in elevation affects hydroperiod and subsequently herbaceous biomass, species richness, and percent carbon in the soil. The percentage of carbon in the soil suggests that the disturbed L.A. Giese et al. /Ecological Et riparian forests are beginning to accumulate this essential component. Successional processes are slowly occurring in the disturbed riparian forests. If the hydrology has been altered, pre-disturbance species composition or a species composition similar to the mature riparian forest will not occur. However, the disturbed riparian forests appear to be providing functions comparable to the mature riparian forest if organic matter is a reliable indicator. The biotic-abiotic interactions and successional processes are indications of recovery, i.e. the disturbed riparian forests may be progressing toward a riparian forest similar to the mature riparian forest.
